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I. Introduction
The present paper represents one step in a theoretical study of the bimolecular dissociation of diatomic molecules. ,Accordingly we have carried out an ab initio calculation of the Ne-H-H potential energy surface. Previous studies by other investigators of the He-H 2 interaction potential have been reported
for relatively large separations between the He atom and H 2 molecule and for small changes in the H2 internuclear distance. 1 -4 Thus, the He-H 2 surface has not been defined in the region where bimolecular dissociation and three body atom recombination occur.
We have studied the Ne-H-H surface over a large range of atommolecule separations (2.5 ~ X ~ 6.0 Bohr) and internuclear distances (0.8 ~ R ~ 5.0 Bohr). Figure 1 is the coordinate system for representing the potential energy surface. Calculations were made for the two symmetrical arrangements of atoms, e = 0° and 90°. We present analytic fits to the Ne-H-H collinear surface and to the entire Ne-H-H hypersurface assuming an angular form similar to that found for He-H2.
II. Theoretical Approach
For neon the (9s5p) Gaussian basis of Van Duijneveldt 5 contracted to (5s3p) was used. The exponents and contraction coefficients·for this (9s5p/5s3p) basis set are provided in Table I . -3- are core-4o and core-5o • In addition to the MCSCF calculation, a full 2-electron CI calculation (for a total of 111 configurations) was carried out using the orbitals from the collinear MCSCF wave functions. This type of CI provides a nearly quantitive picture of the dissociation of H 2 in the presence of a Ne atom described at the Hartree-Foch level.
III. Results
The results of the Ne-H-H potential energy surface calculations are sunu;narized in Table III . The coordinate system for representing -6- 
The values of VMCSCF and VCI are provided in Table III . Also provided are the differences, VCI -VMCSCF' and percent differences. The possibility of obtaining an even better fit by including the term FXR 2 inside the exponential function of (4) was also investigated. The parameters obtained for this six parameter fit are given by (7). This resulted in the best fit to the calculat~d points on the collinear potential energy surface.
An optimized set of parameters was also obtained for the so-called "dumbbell.potential". This is the empirical form that 
where the A and B subscripts on r refer to the two different hydrogen atoms. For the collinear case we may replace rA and rB by X-~ R and X + ~ R, respectively. We then have for the interaction potential the expression
The least squares parameters obtained for a fit to this form of the interaction potential are A = 2.2828, ~ = 1.500 (10) This form of the interaction potential is desirable since only two .. order of magnitude larger than that of those fits previously described, however.
The dumbbell potential was also found to be inadequate for the Increasing the number of parameters from two to four did not substantially improve the dumbbell form of the interaction potential, however. In Table IV a comparison is made between the actual points on the collinear surface and those calculated from each of the analytic fits described. The variance for each fit is also given in Table IV. For three-dimensional trajectory calculations it is necessary to have an analytic form of the potential energy for all possible arrangements of the atoms. Thus in the present case it i~ necessary to be able to represent the potential energy for th~ collinear geometry, the perpendicular bisector geometry, and all angles in between. Since no calculations were made at angles other than 0° and 90° it was necessary to rely on the previous work of Roberts, 1 Krauss and Mies 2 and Gordon and Secrest 3 for the He-H2 potential energy to arrive at a .reasonable way of representing the angular part of the potential energy surface.
Accordingly, the interaction potential was assumed to be separable into two parts,
/ -17- 
Here, P2 is a Legendre polynomial so that 
It was necessary, unfortunately, to use the MCSCF results for, V' (X,R, 90°). In the limit of no "correlation energy of interactiorl'
(X large; R small for 8 = 0°, R large for 8 = 90°) the MCSCF and ·CI results for the interaction energy must be identical.
It can be seen in Table III that 
where De is the dissociation energy, and
where Re is the equilibrium internuclear distance, 1.40 Bohr.
(18) In a recent article, Alexander and Berard 10 presented four new ways of fitting the Gorden-Secrest points on the He-H2 surface.
They also calculated probabilities of He-H2 vibrational energy transfer for each of their four analytic fits and for the GordonSecrest fit. They found that the matrix element for the 0 ~ 1 transition goes to zero for the Gorden-Secrest fit near X = 2. Since none of the four fits of Alexander and Berard exhibited this -23-feature, the transition probability changing smoothly with X, they suggested that the Gorden-Secrest fit was anomalous. All four of the Alexander and Berard fits have the property that as the distance X increases the contractive force increases, with no cross-over point. This is unrealistic. As pointed out by Secrest, 11 one ·Would expect a. cross-over point where the probability of vibrational energy transfer is reduced to zero, since at this point no force is exerted along the H2 bond.
That such a cross-over does exist is demonstrated by the data presented in Table III for the Ne-H2 interaction potential.
Consider first the results for X = 4.0. In Table III For X = 3. 0, ho'\'rever, l'le have
and this is seen to be true for X = 2.5 as well. Thus, there is a cross-over point between X = 3.0 and X = 3.5. For X larger than the value of the crof.is-over point there is a contractive fo·rce, and for X smaller than the value of the cross-over point, there is a stretching force. 
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